Description 


AXLE DAMPING SYSTEM AND METHOD 

Technical Field 

The present invention is directed to a method and system for 
damping an axle. More particularly, the present invention is directed to a system 
and method of damping oscillations in an axle of a work machine. 

Background 

Work machines are commonly used to move heavy loads, such as 
earth, construction material, and/or debris. These work machines, which may be, 
for example, wheel loaders, excavators, bull dozers, backhoes, and track loaders, 
typically include different types of work implements that are designed to perform 
various moving tasks. 

During the course of ordinary operation, it is often necessary for a 
work machine to move about a work site after its work implement has been raised 
to an elevated position. For example, when a wheel loader is removing earth, 
debris, or other material from a job site, the wheel loader may need to travel 
between a loading site and a dumping site. At the loading site, the wheel loader 
may load material into its bucket when the work implement is in a lowered 
position. The wheel loader may then raise the bucket to an elevated position and 
travel to the dumping site, so that the bucket can be positioned over a dump truck, 
or other removal vehicle. The wheel loader may then dump the material from the 
bucket into the dump truck and return to the loading site to repeat the process. 

Depending upon the job site, the work machine may need to travel 
over terrain that is rough or uneven when moving between the loading site and 
the dumping site. Typically, the work machine includes two or more axles that 
pivotally support a frame or chassis. The rough or uneven terrain may cause the 
chassis of the work machine to pivot with respect to the axles. The pivoting, or 


oscillations, in the chassis results in a lateral rocking of the work machine as the 
work machine moves over the rough terrain. The magnitude of the oscillations 
may be increased when the work machine is carrying a load in the elevated 
position. 

Because the cabs of the work machines are typically elevated to 
provide the operator with a better view of the job site, the operator is usually very 
sensitive to these oscillations. If the oscillations rise above a certain magnitude 
or reach a certain frequency, the operator may sense that the work machine is 
unstable. Under these circumstances, the operator may reduce the size of the 
carried loads to reduce the magnitude of the oscillations and restore a feeling of 
stability in the work machine. When the operator reduces the size of the loads 
carried by the work machine, the efficiency of the work machine is decreased 
accordingly. 

The current trend in waste removal vehicles, such as dump trucks, 
is to increase the height of the vehicles. To compensate, the work machines will 
need to raise their loads higher to dump material into the waste removal vehicles. 
As the height of the load increases, so does the likelihood that the work machine 
will experience oscillations when traveling over rough terrain. 

To improve the stability of a work machine and decrease the 
magnitude of oscillations, several factors on the work machine may be modified. 
For example the size of the wheel base, i.e. the distance between the wheels may 
be increased. However, in many cases, the width of the work machine may not 
exceed the width of the work implement. Thus, there are limits to the amount by 
which the width of the work machine may be increased. 

The work machine may also be equipped with a shock absorbing 
or damping system to reduce the effects of traveling over rough or uneven terrain. 
One example of a damping system is described in U.S. Patent No. 5,149,131. 
However, these system are typically designed to reduce the effect of a shock to 


both wheels on an axle and will not reduce or prevent lateral rocking of the work 
machine. 

The damping system of the present invention solves one or more 
of the problems set forth above. 

Summary of the Invention 

One aspect of the present invention is directed to a damping 
system for an axle configured to pivot about a pivot point. The damping system 
includes a first hydraulic cylinder connected to the axle on one side of the pivot 
point and having a first chamber and a second chamber. A second hydraulic 
cylinder is connected to the axle on the other side of the pivot point and has a 
third chamber and a fourth chamber. A first fluid line connects the first chamber 
with the fourth chamber and a second fluid line connects the second chamber 
with the third chamber. A restricted fluid passageway connects the first fluid line 
and the second fluid line. A valve mechanism is disposed between the first fluid 
line and the second fluid line and is operable to release fluid from one of the first 
and second fluid lines when the pressure of the fluid in the one of the first and 
second fluid lines reaches a predetermined level. 

In another aspect, the present invention is directed to a method of 
damping an axle. A first hydraulic cylinder having a first chamber and a second 
chamber is connected to one end of the axle. A second hydraulic cylinder having 
a third chamber and a fourth chamber is connected to the other end of the axle. 
The first chamber is placed in fluid communication with the fourth chamber 
through a first fluid line and the second chamber is placed in fluid 
communication with the third chamber through a second fluid line. A restricted 
flow of fluid is allowed between the first fluid line and the second fluid line. 
Fluid is released from one of the first and second fluid lines when the pressure of 
the fluid in the one of the first and second fluid lines reaches a predetermined 
pressure level. 


It is to be understood that both the foregoing general description 
and the following detailed description are exemplary and explanatory only and 
are not restrictive of the invention, as claimed. 

Brief Description of the Drawings 

The accompanying drawings, which are incorporated in and 
constitute a part of this specification, illustrate exemplary embodiments of the 
invention and together with the description, serve to explain the principles of the 
invention. In the drawings: 

Fig. 1 is a schematic and diagrammatic illustration of an axle 
damping system in accordance with an exemplary embodiment of the present 
invention; 

Fig. 2 is a diagrammatic illustration of a chassis and an axle of a 
work machine in accordance with an exemplary embodiment of the present 
invention; and 

Fig. 3 is a schematic and diagrammatic illustration of an axle 
damping system in accordance with another exemplary embodiment of the 
present invention. 

Detailed Description 

Reference will now be made in detail to exemplary embodiments 
of the invention, examples of which are illustrated in the accompanying 
drawings. Wherever possible, the same reference numbers will be used 
throughout the drawings to refer to the same or like parts. 

As diagrammatically illustrated in Fig. 1, a damping system 12 for 
a work machine 10 is provided. Work machine 10 may be any type of wheeled 
machine commonly used to move heavy loads, such as, for example, earth, 
construction material, or debris. Work machine 10 may be, for example, a wheel 
loader. 


As also illustrated in Figs. 1-3, work machine 10 includes an axle 
14. With reference to Fig. 2, axle 14 is mounted on a chassis 1 1 of work machine 
10 for pivoting movement about a pivot point 16. In one exemplary embodiment, 
axle 14 is the rear axle of work machine 10. 

As also shown in Fig. 1, damping system 12 includes a first 
hydraulic cylinder 22. First hydraulic cylinder 22 includes a housing 23, a rod 
34, and a piston 36. Rod 34 is connected to piston 36 and is slidably disposed in 
housing 23. Piston 36 defines a first chamber 24 and a second chamber 26 within 
housing 23. In the disclosed embodiment, first chamber 24 may also be referred 
to as the head end of first hydraulic cylinder 22 and second chamber 26 may also 
be referred to as the rod end of first hydraulic cylinder 22. 

Rod 34 of first hydraulic cylinder 22 is connected to a first end 1 8 
of axle 14. Rod 34 may be connected to axle 14 at any point between pivot point 
16 and first end 18. Any fastening device readily apparent to one skilled in the 
art may be used to connect rod 34 to axle 14. For example, a pinned connection 
that allows rod 34 to pivot with respect to axle 14 may be used as the fastening 
device. 

Damping system 12 also includes a second hydraulic cylinder 28. 
Second hydraulic cylinder 28 includes a housing 29, a rod 35, and a piston 37. 
Rod 35 is connected to piston 37 and is slidably disposed in housing 29. Piston 
37 defines a third chamber 30 and a fourth chamber 32. In the disclosed 
embodiment, third chamber may also be referred to as the head end of second 
hydraulic cylinder 28 and fourth chamber 32 may also be referred to as the rod 
end of second hydraulic cylinder 28. 

Rod 35 of second hydraulic cylinder 28 is connected to a second 
end 20 of axle 14. Rod 35 may be connected to axle 14 at any point between 
pivot point 16 and second end 20. Any fastening device readily apparent to one 
skilled in the art may be used to connect rod 35 to axle 14. For example, a 


pinned connection that allows rod 35 to pivot with respect to axle 14 may be used 
as the fastening device. 

As illustrated in Fig. 2, first and second hydraulic cylinders 22 and 
28 are disposed between axle 14 and chassis 11. Housings 23 and 29 of first and 
second hydraulic cylinders 22 and 28, respectively, are fixed to chassis 1 1 of 
work machine 10. When axle 14 pivots about pivot point 16 relative to chassis 
1 1, the connection between the axle and rods 34 and 35 cause pistons 36 and 37 
to move relative to housings 23 and 29 of first and second hydraulic cylinders 22 
and 28, respectively. 

Because first hydraulic cylinder 22 and second hydraulic cylinder 
28 are connected to axle 14 on opposite sides of pivot point 16, an oscillation in 
axle 14 will cause the pistons in first and second hydraulic cylinders 22 and 28 to 
move in opposite directions. For example, if axle 14 were to move so that first 
end 18 of axle 14 moves in the direction of arrow 19 and second end 20 of axle 
14 moves in the direction of arrow 21, piston 36 of first hydraulic cylinder 22 
would move in the direction of arrow 19, whereas piston 37 of second hydraulic 
cylinder 28 would move in the direction of arrow 21 . 

As illustrated in Fig. 1, a first fluid line 62 connects first chamber 
24 of first hydraulic cylinder 22 to fourth chamber 32 of second hydraulic 
cylinder 28 and second fluid line 64 connects second chamber 26 of first 
hydraulic cylinder 22 to third cylinder 30 of second hydraulic cylinder 28. In 
other words the two hydraulic cylinders are cross-connected so that the head end 
of one cylinder is in fluid connection with the rod end of the other cylinder. 

As illustrated in Fig. 1, a source of pressurized fluid 44 supplies 
pressurized fluid to damping system 12. Source of pressurized fluid 44 may be 
any device readily apparent to one skilled in the art as capable of working a fluid 
to a certain pressure. For example, source of pressurized fluid 44 may be a 
variable or fixed capacity pump. 


Source of pressurized fluid 44 is connected to a tank 42 by a fluid 
line 52. Source of pressurized fluid 44 draws fluid from tank 42 and works the 
fluid to a certain pressure. The fluid is then directed through fluid line 54. 

A check valve 46 may be disposed in fluid line 54 to prevent a 
reverse flow of fluid back to source of pressurized fluid 44. In addition, a 
pressure relief valve 48 may be connected to fluid line 54 by a fluid line 56. If 
the pressure of the fluid in fluid line 54 exceeds a predetermined limit, pressure 
relief valve 48 may open to allow fluid to flow through fluid line 56 and return to 
tank 42. 

Fluid pressurized by source of pressurized fluid 44 is directed 
through fluid line 54 to an accumulator 50. Accumulator 50 maintains a supply 
of pressurized fluid. Accumulator 50 is connected to first fluid line 62 and 
second fluid line 64. A check valve 58 may be disposed between accumulator 50 
and first fluid line 62 to prevent a reverse flow of fluid from first fluid line 62 
towards accumulator 50. Similarly, a check valve 60 may be disposed between 
accumulator 50 and second fluid line 64 to prevent a reverse flow of fluid from 
second fluid line 64 towards accumulator 50. 

Fluid from source of pressurized fluid 44 and accumulator 50 is 
allowed to flow into damping system 12. Accumulator 50 may maintain an 
adequate supply of pressurized fluid to ensure that damping system 12 remains 
filled and prevent the development of air pockets in the system. 

As illustrated in Fig. 1, a restricted fluid passageway 66 connects 
first fluid line 62 with second fluid line 64. Restricted fluid passageway 66 may 
include an orifice 68 that restricts the flow of fluid between first fluid line 62 and 
second fluid line 64. Orifice 68 may be variable in size or may be fixed in size. 
For example, orifice 68 may be defined by an adjustable valve or any other 
mechanism configured to vary the rate of fluid flow between first fluid line 62 
and second fluid line 64. The size of orifice 68 may depend upon the particular 


work machine, the particular application, and/or the particular operating 
conditions. 

As shown in Fig. 1, damping system 12 may include a control 
mechanism 39. Control mechanism 39 may be operable to control the amount of 
fluid allowed to pass through restricted fluid passageway 66. Control mechanism 
39 may adjust orifice 68 by changing the position of an adjustable valve based on 
the operating conditions of the work machine. For example, control mechanism 
39 may decrease the size of orifice 68 to decrease the amount of fluid passing 
through restricted fluid passageway 66 when a work implement 15 is in an 
elevated position. Alternatively, control mechanism 39 may receive input 
directly from an operator. 

As further illustrated in Fig. 1, a valve mechanism 38 is disposed 
between first fluid line 62 and second fluid line 64. In the exemplary 
embodiment of Fig. 1, valve mechanism 38 includes a first pressure relief valve 
70 and a second pressure relief valve 72. 

First pressure relief valve 70 is configured to allow fluid to flow 
from second fluid line 64 to first fluid line 62 when the pressure of the fluid 
within second fluid line 64 is greater than a predetermined pressure level. First 
pressure relief valve 70 includes a solenoid 76 that determines the pressure level 
at which first pressure relief valve 70 will open. When solenoid 76 is energized, 
the predetermined pressure limit may be increased proportionally to the amount 
of current applied to solenoid 76. When solenoid 76 is de-energized, the 
predetermined pressure limit may be decreased. 

Second pressure relief valve 72 is configured to allow fluid to flow 
from first fluid line 62 to second fluid line 64 when the pressure of the fluid 
within first fluid line 62 is greater than a predetermined pressure level. Second 
pressure relief valve 72 includes a solenoid 78 that determines the pressure level 
at which second pressure relief valve 72 will open. When solenoid 78 is 
energized, the predetermined pressure limit may be increased proportionally to 


the amount of current applied to solenoid 78. When solenoid 78 is de-energized, 
the predetermined pressure limit may be decreased. 

Control mechanism 39 may also be operable to energize or de- 
energize solenoids 76 and 78. Control mechanism 39 may determine the amount 
of current to apply to solenoids 76 and 78 based on operating conditions, such as, 
for example, the height of the work implement of the work machine. 
Alternatively, an operator may provide input to control mechanism 39 to control 
solenoids 76 and 78. 

A check valve 80 may be disposed between first fluid line 62 and 
first pressure relief valve 70 to prevent a reverse flow of fluid from first fluid line 
62 through first pressure relief valve 70. Similarly, a check valve 82 may be 
disposed between second fluid line 64 and second pressure relief valve 72 to 
prevent a reverse flow of fluid from second fluid line 64 through second pressure 
relief valve 72. 

Damping system 12 will act to dampen the effects of a torque 
exerted on axle 14 when work machine 10 is traveling over rough or uneven 
terrain. For example, work machine 10 may encounter a rut or a bump that exerts 
an impulse force on one end of axle 14. The impulse force may act on axle 14 to 
pivot axle 14 in a clockwise direction about pivot point 16 (i.e. first end 18 moves 
in a direction as indicated by arrow 19 and second end moves in a direction as 
indicated by arrow 21). The corresponding torque of axle 14 results in the 
exertion of a force that acts on piston 36 of first hydraulic cylinder 22 to move 
piston 36 in the direction of arrow 19. In addition, a force is exerted on piston 37 
of second hydraulic cylinder 28 that acts to move piston 37 in the direction of 
arrow 21. 

The cross-connection of first and second hydraulic cylinders 22 
and 28 acts to oppose the torque of axle 14. The force exerted on piston 36 is 
translated to an increase in the pressure of the fluid in first fluid line 62. The 
increase in pressure in first fluid line 62, in turn, exerts a force on piston 37 in 
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second hydraulic cylinder 28. However, this force is opposed by the force 
exerted by axle 14 on piston 21. Assuming that the fluid in first fluid line 62 and 
in first and fourth chamber 24 and 32 is incompressible, the fluid will prevent 
either piston 36 or 37 from moving relative to the respective housing 23 or 29. In 
other words, unless fluid is allowed to escape from first fluid line 62, first 
chamber 24, or fourth chamber 32, axle 14 will not be able to pivot relative to 
chassis 1 1 and the impulse force will act, in its entirety, on chassis 11. 

[40] Orifice 68 in restricted fluid passageway 66 may allow fluid to 

flow from first fluid line 62 to second fluid line 64. The pressure of the fluid in 
first fluid line 62 may be greater than the pressure of the fluid in the second fluid 
line 64, resulting in a pressure differential across orifice 68. As fluid flows 
through orifice 68 some of the energy of the pressurized fluid will be dissipated 
as heat when the pressure of the fluid decreases over orifice 68. Thus, some of 
the energy created by the exertion of the impulse force on axle 14 will be 
dissipated. As a result, the magnitude of the force exerted on chassis 1 1 may be 
dampened, or decreased.. 

[41] The amount of energy dissipated through orifice 68 may depend 

upon the rate at which fluid is allowed to flow through orifice 68. For example, 
if the size of orifice 68 is increased to allow a greater flow rate of fluid, the 
amount of dissipated energy, i.e. the amount of dampening, may also be 
increased. Likewise, decreasing the size of orifice to reduce the rate of fluid flow 
between first and second fluid lines 62 and 64 may result in a decreased 
dissipation of energy and a decreased dampening effect. 

[42] First and second pressure relief valve 70 and 72 are operable to 

increase the dampening effect by dissipating additional energy under certain 
circumstances. As described previously, second pressure relief valve 72 may 
open to allow additional fluid to flow from first fluid line 62 to second fluid line 
64 when the pressure in first fluid line 62 exceeds a predetermined limit. If work 
machine encounters a significant rut or bump causing a sharp impulse force 


against axle 14, the pressure in fluid line 62 may spike. If the pressure rises 
above a predetermined limit, second pressure relief valve 72 will open to allow 
additional fluid to flow to second fluid line 64. This will result in the dissipation 
of additional energy and an increased dampening effect. When the pressure 
decreases below the predetermined limit, second pressure relief valve 72 will 
close and prevent the flow of additional fluid to second fluid line 64. 

Control mechanism 39 may adjust the dampening effect to account 
for different operating conditions. For example, when work machine 10 is 
traveling with a work implement held in an elevated position, control mechanism 
39 may adjust damping system 12 to increase the dissipation of energy and the 
damping effect. Control mechanism 39 may also increase or decrease the 
damping effect of damping system 12 under other operating conditions. 

Control mechanism 39 may adjust the dampening effect of 
damping system 12 in a number of ways. For example, when a particular 
operating condition is experienced, control mechanism 39 may increase or 
decrease the size of orifice 68. In addition, control mechanism may increase or 
decrease the predetermined pressure at which second pressure relief valve 72 will 
open. 

If work machine 10 is carrying a load in an elevated position, 
control mechanism 39 may increase the damping effect of damping system 12 to 
provide the operator with a greater feel of stability. Control mechanism 39 may 
increase the size of orifice 68 and/or decrease the predetermined pressure limit at 
which second pressure relief valve 72 will open. Each of these adjustments will 
increase the amount of energy dissipated in damping system 12 when an impulse 
force is absorbed by axle 14. Thus, damping system 12 will decrease the lateral 
rocking experienced by the operator. 

When the load is dumped or returned to a lower position, control 
mechanism 39 may decrease the damping effect of damping system 12. This 
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may be accomplished by decreasing the size of orifice 68 and/or increasing the 
predetermined pressure limit at which second pressure relief valve 72 will open. 

Damping system 12 will also act to dampen an impulse force that 
acts to exert a counter-clockwise torque on axle 14. In this situation, counter- 
acting forces will be exerted on the fluid in second chamber 26 and third chamber 
30 through pistons 36 and 37. This force will act to increase the pressure of the 
fluid in second fluid line 64. Orifice 68 will dissipate some of the energy created 
by the exerted impulse force by allowing fluid to flow from second fluid line 64 
to first fluid line 62. If the pressure within second fluid line 64 reaches the 
predetermined pressure limit, first pressure relief valve 70 will open to allow 
additional fluid to flow from second fluid line 64 to first fluid line 62 to further 
dissipate the energy created by the impulse force. Control mechanism 39 may 
adjust the damping effect of damping system in the counter-clockwise direction 
by adjusting the size of orifice 68 and/or adjusting the predetermined pressure 
limit. 

As shown in the exemplary embodiment of Fig. 3, pressure relief 
from both first fluid line 62 and second fluid line 64 may be controlled by a 
single pressure relief valve 86. A fluid line 84 may connect pressure relief valve 
86 with first fluid line 62 and second fluid line 64. A check valve 90 may be 
configured to prevent a reverse flow of fluid from fluid line 84 into first fluid line 
62. Another check valve 92 may be configured to prevent a reverse flow of fluid 
from fluid line 84 into second fluid line 64. 

With this configuration, fluid may flow from both first fluid line 
62 and second fluid line 64 to pressure relief valve 86. If the pressure within 
either of first fluid line 62 or second fluid line 64 reaches the predetermined 
pressure limit, relief valve 86 may open to allow fluid to flow to tank 42. Make- 
up fluid to replace the release fluid may be provided by accumulator 50 or by 
source of pressurized fluid 44. 
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Pressure relief valve 86 may also include a spring 88 that acts to 
increase or decrease the predetermined pressure limit. Control mechanism 39 
may include a cam 74 that acts on spring 88 to modify the predetermined 
pressure limit at which pressure relief valve 86 will open to allow fluid to be 
released from damping system 12. In this manner, control mechanism 39 may be 
operated to increase or decrease the effects of damping system 12. 

Industrial Applicability 

As will be apparent from the foregoing description, the present 
invention provides a damping system for an axle of a work machine. The 
damping system acts to dampen the effects of a torque exerted on the axle, such 
as may be experienced when the work machine is traveling over rough or uneven 
terrain and hits a bump or a rut. The damping system dampens the force by 
dissipating some of the energy as heat to a hydraulic fluid. 

The damping system of the present invention allows the damping 
effect to be adjusted depending upon the operating conditions of the work 
machine. By increasing the damping effect, the stability of the work machine 
may be increased. This increased stability may translate to increased operator 
comfort when moving large loads. The increased operator comfort will allow the 
work machine to be utilized to its full potential. The disclosed damping system 
has application, therefore, in a wide variety of work machines to provide a more 
efficient operation. 

It will be apparent to those skilled in the art that various 
modifications and variations can be made in the damping system of the present 
invention without departing from the scope or spirit of the invention. Other 
embodiments of the invention will be apparent to those skilled in the art from 
consideration of the specification and practice of the invention disclosed herein. 
It is intended that the specification and examples be considered as exemplary 
only, with a true scope and spirit of the invention being indicated by the 
following claims and their equivalents. 


